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Abstract -- ‘1’hc potential for near-real-time NASA Sca(tcr-
mnctc.r (NSC.AT) data to contribu[c  to opcrationa]  m a r i n e
forecasting is dcscribccl. A cicscripticm of Ihc NSCAI’  Value
Adcicd l’mduct (VA]’) acti vi[y -- an cffor(  to provide ncar-rcal  -
timc win(l images IO the public and opcra(ioaal  forccas(crs  --
is prcscntcd.

lNTRODLJCH’JON

SpaccbornC scallcromclcrs arc radar instrumcn~s  spccifi-
c:illy dcsigncci 10 measure ocean surface wind speed and
dircc[ion. “1’his [cchnicluc  was ini~ial]y cicmcmswatcd with Ihc
1978 {light of tbc Ku-ll:in(i Scasat  Sca((cromctcr  (SASS) [ I],
and has most rcccnl]y  been dcnmnstralcd with the Succcssfu]
Opcra[ion of the C-band  IRS-1 sca(tcromctcr  [2]. la AugusI  of
1996, (I)c  Ku-hand NASA Scat[cromclcr (NSO1l’)  will bc
launched aboard the Japanese Space Agency Advanced Iiartb
Observation SaIcl Ii[c (AI)l ;0S)  [3]. NSCAT will opcmtc for
lhrcc years and make accura(c  mcasurcmcnls of ocean surfac.c
wind spccci and ctircction  in two 600 km swalhs on cilhcr side
of the spacccrafl, thus providing a significant expansion and
inqwovcmcnt  of the current scat[cromctcr ctak base.

‘1’hc application of scallcromctcr  ciala 10 Occanogr:iphic  and
cli matologic:il research is well documented [4]. Ocean wind
s(t-css is a prilnary factor  in driving ocean circulation and thus
lhc global energy balance. la addition  to its applic.abilily {O the.
s[udy OJ wi ad forced ocean circulation and global climate
change, sca[tcromctcr wind data, made available to usc.rs on a
suf(icicntly  timely basis, is also of great value in mcsmcalc
and synoplic-scale marine forecasting. 1( is these “opcra-
Iional” applications of the NSC?AT  data which arc the focus of
this paper.

01’1 RAI’IONA1  . A1’1’l  ,ICAI’JONS

Several potc.n(ial opcrationa]  applications of scallcromclcr
da(a have been noted clscwhcrc [S]. Below wc inc]udc a lisl of
several areas where scaltcromctcr mcasurcmcnts arc likely (0
have the higbc.st impac(.

A. Marine. }la~,ard Warning: Perhaps the most no[cworthy
opc,rational  application of scattcromctcr data is determining
the location, sbwcturc, anti strength of slorms at sea. Scvcrc
marine storlns -- which inc]udc tropical cyclones (hurricanes,
typhoons} and mici-ialilucic  cyclcmcs  -- arc among lhc most

cicshwc(ivc of all natural pimmn~cna. In the United States
alrmc, hurricanes have been rcsimnsib]c  for at Icast 17,000
(icalhs since 1900,  an(i hundrc(is of miiiions of doliars in danl-
agc annualiy. If workiwi(ic statistics arc mnsidcrcd,  the nun~-
bcrs arc substantial i y higher. Although typically not as violent
as tropic:il  cyclones, scvcrc  mid-iatituctc,  storms ncvcrthc]css
exact a heavy toli in casualties and material ciamagc [5].
Clcmi imagery from sa[cliitcs  has signiticanlly cnhanccd  the
forccaslcrs  ability to cictcc( an{i track skmns, Scattcromcicr
(iala wili augmcn[ these familiar images by proviciing a direct
nlcasurcmcn(  of tbc surfidcc wind to cmnparc to the clou(i pat-
terns. Sca((cronlckr {iata can thus assist in the idcntificati~n  of
lhc skmn cc.nlc.r iocations, storm rclalcd fronts, anti the loca-
tion of tile most ciamaging  winds within the smm shwcturc.
Scattcromc.tc.r cicrivcci wimis can also bc uscci as inputs to
umic.ts  that forecast wave height an(i flcmiing.

11. Occ.an Silip Rout ing: Scallcrmnclcr obscrva(ions  of
win{is can bc of particular significance to ocean going cargo
si~ips. la today’s world of intcraationa]  commcrcc, biilions of
ciollars worth of food, fuel, raw materials, and manufac[ulcci
gomis arc transported by sca yearly. Bcsi(ics the benefits
cic.rivcci from  the ability of NSCAI’  to loca[c anti identify
slorms wilich may cause }larm to vessels or crew, satellite
w’ia(i data can also allow sca c:ipkiins to chart their courses
more efficiently. With a knowlc(igc  of the winds, the shiJ~ nlas-
tcr can choose a roulc to avoi(i heavy seas or high hcadwincis
which can slow the ship’s progress an(i consume an cxcc.ssivc
amount of fuc]. Previous to (hc flight of spaceborne sca[k:ron~-
ctcrs, ship captai as h:iri to rely con]plcIcly  on sporadic anti
potentially unrcliab]c  rcpmls from other ships, an(i v’idcly
spaced mcasurcmcnts from buoys. A satcii itc based inshu-
mcnt allows a much more regular and cxtcnsivc assessment of
the winds. I’his  is particularly acivantagcous in remote regions
of the world where there arc few, i f any, other wind n~casurc-
nlcnts.

C. l)riiling and Mining Operations: Oii an(i gas production
has been un(icrtakcn at many offshore sites around the world -
- the ~iu]f  of Mexico, lhc North Sea, and the Persian Gulf
being prominent examples. I’borough knowlccigc of the his-
toric wind and wave conditions at a specific location arc
important k) the appropriafc  cicsign of dri iting plat fores.
Accurate know]cdgc  of (I]c  current sca state as well as warn-
ings of impcn(iing slorms arc critical (o safe and cfficicnt  (iriil-
ing operations. In (1]C event of an oil si>ili, lhc surface wincl is



a kcy factor in dctcrmini ng how (1)c oil will spread, Wind data
from  NSCAI’ can thus bc LIscd hy clean-up and containment
crews m minimize the environmental impact of such a disaster.

NSCAT SYSTliM

‘1’hc NASA Sca[[cromc[cr  (NSCAI’)  is schcdulcd  for launch
aboard the Japanese Advanced Ikuth Observing Satellite
(AI JIIXX)  in AugusI 1996. The NSCAT instrument is a Ku-banci
radar which me.asurcs  global ocean surface wincl speeds and
directions al up to 25 km resolution. The wind n~casurcmcnt  is
accomplished by iirsl measuring the normalized backscattcr cross
scc[ion (CJO)  of the ocean at three diffcrcn[ azimuth angles and
tw’()(liffcrctit  ]>ol:iti~.:itiol~s  using eight fan-beam antennas. Wind
\'cct{}rst  trc.tl~c.l~r  ctricvcci{ll  !rii~ggrc~tll~cl  dataprc)ccssi]~gtlsil~g  an
clnpirica]  gcophysica]  model function which relates Go 10 wind
speed and dircclion.

‘I’hc NSCATsystcnl  of~crs several cnhanccmcnts ovcrprcvi-
ous sca[tcronlclcrs.  With respect to SASS, which measured back-
scallcr cross scc(ion a[ two azimulh angles on either side of the
spacccratl,  NSC.A7’  mrrkcs adciilional  mcasurcmcnls at a third azi-
muth angle. ‘1’his has been dcmons[ratcd,  brt(h in analyses and
w i t h  (hc liRS-1 cxpcricncc, to greatly  cnhancc  the abili[y o f
ground processing torcnmvc wind dircc(ion amhigui[ics  which
arc inbcrcnl  to the wincl rch’icval process [3]. Bccausc NSCAT
has two 600 km swalhs on citbcr side of the. spacccrafi, tbc over-
all ocean covcragc will bc cnbancc.d relative to ihc lXS-I and
liRS-2 systctns.  NSCAT will cover approximately 77% of’ (1IC
worlds oceans in 24 hours, ancl 95% in 48 hours. I’bis  will bc a
particular advanlagc to operational users, for whom mcasurcmcn[
covcragc and rcvisil lime iscxlrcmcly  inqmrlanl  in ordcrtofcrl-
low fas(-developing nlc(corological  phenomena.

‘1’hc main NSCAT scicncc data s(rcam will bc sent from Japan,
an[i proccssc,(i 10 win(is  by Ihc Scicncc Data Processing Syslcm
witi~in twowccks.  I’hcscicncc  data stream wiii bccalibratcd  anti
IIar(h ]oca(c(i toa very i~igil accuracy. The NSCATscicncccia[a
wiii hc(iislribu(cd  10 rcscarcilcrs via [ilc I’ilysical  Ocean I)istrib-
utcd Aclivc Archive Ccnlcr (1’ODAAC).

N] iAR RI ;AI >-T]  Mi ; PROCESSING

Althougil the main scicncc ciata sircam ilas tbc higil accuracy
ncccssary  for rcscarcb purpcrscs,  it is ml avaiiah]c  on a suffi-
cicn[ly [imcly basis for usc by operational users. To allow ncm
rca-(i  mc access by operational users, NOAA, in cmmiination
witi~ NASA anti Jl>l,, i~as invcs(c.d in a satcliitc data (iownlink ami
win(i processing i nfraslruclurc tilat wili aliow access to scallcr-
on]clcr  win(i ]ncasurcmcnts  within 2-4 hours aflcr (iata take.

As ti]c firsI clcmcnt of tile near rcai-time processing systcm,
(I]c sca((cmmctcr ciala wiii bc downlinkcd  ciircctiy from AII1 iOS
(o NASA groun(i  rccciving stations at Wailops lslan(i, Virginia,

and at tbc Alaska SAR faciiity in I;airbanks,  Alaska. Ikrch down-
link pass over these slations  wili piayilack lilt most rcccntly
acqairc(i NSCAI  ciata.

1 iron] the ground rccciving  s(a{ions, the ciala wili bc iransn~it-
tcd to NOAA in Suitian(i, Marylanci  for winci processing. For this
s(cp, J1’I,  has cicvclopcd a spccifii version of the NSCAT wind
processor wi~icil is able. 10 gcncralc wind estimates from the raw
data ia near real-time -- ICn minutes of processing for each orbit’s
worth of NSCAT (ia{a, AiIilcNJgh  the radiomc[ric  and 1 iar[h loca-
tion accuracy is not to ti~c iligil research standar(is  of the main
scicncc  prociuct, lhc near rcai-time producl gcncra(cd  by NOAA
is jucigcci to bc. of sufficient accuracy for operational users where
the timeliness of the ciata is aii impor[ant. ‘1’hc NOAA scattcronj-
cicr ciata will bc pmvi(icd to the National Mc[corologicai Center
(NMC) for tile (icvclopmcnt  of improved numerical fmccasls, the
National }lurricanc  ~cntcr  for the slu(iy  of scvcrc  tropicai storms,
an(i o[hcr  ciomcstic  anti in[crnational  operational wcall~cr organi -
Yalions.

VAI  .LJ1 i AI)I)I ;1> PROI)UCH’S

As an aci(iitional cffor(  to foster ti]c utilization of scattcromctcr
ciata by tile pub] ic an[i the opcrat ional meteorological communit  y,
tim NSCAT projccl  at Ji’1, i~as initiatcci the Value Acicicci }’rmiuct
(VAi’)  activity. I’ilc VAI’ activity, working very closely with tbc
Iargcr  NOAA near real-time cflor{, will also rcccivc anti process
the NSCAI’  (iata in near rcai-time. A “value adcicd” step will then
bc pcrformc(i  to crcalc images to bc ma(ic availab]c  to li]c pubiic
via lhc lnlcrnct. The goal of the valucci a(i(icci images is to display
lbc wia(i ciala in a visually infcrrmativc  way, an(i provicic a convc-
nicat means of access by commc.rciai aaci c(iucational  users.

Onc imporiant  clcmcnt  of (}]c val uc ad(icci processing is the co-
rcgis(ra(ion of NSCAT wia(i cia(:i wi[il geosynchronous clouci
imagery. Sucil a visuai  mrtciation  wiii a(ici a(iditional in forn~a-
lion to tra(iitionai ciou(i images. I ‘or instance, hurricanes begin
their lives as ratilcr iii-cicfinc(i masses of clouds in tile liastcrn
tropical Atianiic. I’i)c acidition of scattcromctcr wind data to these
images wili clearly identify features where s[rong cyclonic  circu-
lation has begun to form.

Another valLIc a(icicci slcp to i~c pcrformcci  is the interpolation
of N! XA’J’  ciata bctwccn swa(ils. Succcssivc NSC.AT  orbits do not
loucil each other at Iilc c(iualor or mici-la(itu(ics,  anri tilus produce
gaps in cove.rage for si~ort  iimc pcrio(is. Furthcrtnorc, a 400 km
“nadir gap” exists in (I]c  ccntcr of ti]c swath about ti~c ADIiOS
orbit {rack. qb allow users to view a continuous near rca]-tirnc
winci fici(i, i[ is ncccssary to invoke a two dimensional spatiai
interpolation schcmc.  Ti]c in[crpolalion  tcchniquc must match the
“hwc” {iata witi~in the swath with a minimum of smoothing, while
proviciiag  a reasonably accurate cs(imatc  of the “missing” data.
To accomplish ti~is, an inlcrpoiation schcmc based on the objcc-
tivc anaiysis  approach wiil bc cmp]oycd [6]. Taking advantage of


